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Abstract 
In this research, 8’th grade primary students have studied in teams within newly designed materials and activities while learning 
biotechnological concepts (DNA, RNA, replication, central dogma etc.) and processes (cloning, transgenetic organisms, 
recombinant DNA technology etc.).  Pre-test and post-test research design has been used in the experimental research. Data were 
collected by attitudes scale towards biotechnology, achievement tests and word association tests to investigate conceptual 
learning. Findings have shown that such designed simple, imaginative and practical hands on activities had a highly positive 
effect on student learning, improving academic achievement and permanence of knowledge. Student interest and curiosity had 
also positively influenced. 
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1. Introduction 
Biotechnology; one of the rapidly developing area of recent scientific and technological disciplines have the 
enormous potential for improving human lives. It is becoming increasingly evident that our students need to become 
more knowledgeable about social, ethical and economic implications of biotechnologies. Given the potential impact 
of biotechnology on human health, agriculture and environment it is an important that young people have sufficient 
background in molecular biology and cell biology. However increasing data with along those biotechnologies could 
not be incorporated in science curriculum as rapidly as develop (AltÕparmak, 2005). Biotechnological content and 
instruction remains inadequate, theoretical and superficial. The study of biotechnology is based on whether students 
understand the key concepts such as DNA, central dogma and the manipulation of DNA. Many students have heard 
most of those terms but most of them probably couldn’t explain the difference between them. Students also have 
trouble visualizing the structure of DNA, replication, central dogma and the techniques of DNA cloning. Instruction 
based lecture with no other pedagogical applications yields unsatisfactory results. Researches have shown that 
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students typically lack a coherent view of concepts and their relationships when studying molecular biology within 
instruction based lecture with no other pedagogical applications (Stencel, 1995; Eckdahl, 1999). Students lack a 
motive to learn the subject, they find classroom learning inadequate. This contradicts with today’s cognitive theories 
which view students as active participants of the learning process. More imaginative, functional, concrete, practical 
hands on teaching activities are needed to be designed especially in primary science classrooms.  
The purpose of this study was to develop creative and concrete simple hands on activities and models for 
teaching biotechnological concepts and processes and also an active learning environment that will support learning 
in science classroom.  The materials for the designed models were provided by students from everyday staff that can 
be easily found in every house like cartoons, papers, string, beads, play dough and food (vegetables and meat 
pieces). Our goal was to develop a manipulative activity using inexpensive but graphic materials and also an active 
learning environment that will support learning in molecular biology classroom. Understanding life on a molecular 
level is greatly enhanced when students are given the opportunity to visualize the molecules (Jenkins, 1987; 
Malacinski & Zell, 1996; Bohrer, 1997; Wagner, 1998; Kirkpatrick et all, 2002).  Especially understanding DNA 
structure and function is essential for understanding key concepts of molecular biology such as DNA, central dogma 
and the manipulation of DNA. Such practical and inexpensive activities support visualizing concrete concepts and 
the molecules (Copley, 1990; Bohrer, 1997; Reed, 2001; Beltralmini et all, 2006).  
Students worked in teams of “Cooperative Learning”. Learning together techniques (Johnson & Johnson, 1991) 
were applied in student teams. In learning together groups each member were given a specific mission and 
responsibility for to help, share, encourage, and support each other’s efforts to succeed through promotive 
interaction within their groups. In this structure; students discuss their particular work material to ensure that they 
understand it. All groups in a class may cover the same topic or different groups may have different parts of the 
topic. 
2. Method 
The sample for this study consisted of 30 students in Denizova Primary School cited in Denizova village in the 
city of Mugla in Turkiye. In experimental group (n=18) practical material designs within team activities, in control 
group (n=12) traditional instructional design have been applied in teaching biotechnological concepts and processes. 
In experimental group the students studied in groups of four. While studying with the models within the groups, 
each student explained the structure and function of the biotechnological concepts, subjects and systems. In 
traditional group lecture with no other activities were given (Table 1). 
Table 1. Research Design 
 
Groups n Pre-tests 
Post-tests 
Instructional activities and materials Period 
Learning together-structure and function of DNA, replication mechanism:  
glassware brush and paper models 
6 hours 
Learning together-Central Dogma, Protein Synthesis: string-paper-bead 
combination models  
3 hours 
Learning together -Recombinant DNA: cartoon circles and play dough 
models 
3 hours 
Learning together –Mouse cloning: cartoon-dough models  3 hours 
 
 
 
 
Experimental 
 
 
 
 
18 
x Achievement test  
x Attitude scale  
x Word association 
tests 
 
Learning together – Transgenetic organisms [Genetically modified organisms 
(GMO)] “My GMO’s” 
3 hours 
 
 
Control 
 
 
12  
x Achievement test  
x Attitude scale  
x Word association 
tests 
x Instruction 
x Question-Answer 
x Demonstration 
18 
hours 
The data were collected by; 
x “Achievement test” consisted of 24 questions  
x “Attitude scale towards biotechnologies” of 25 questions  
x “Word association tests (Cardellini &Bahar,2000) ” 
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The validity and reliability trial tests are made before the research. Kuder-Richardson 20 reliability test statistics 
value for achievement test was found 0.71 and Cronbach’s Alpha statistics value for the attitude scale was found 
0.87. 
3. Results (Findings) 
 There was no significant difference between the mean scores of the control and experimental group’s pretests 
regarding achievement (Table 2).  
 
Table 2.  The pre-tests solutions of achievement test 
 
Groups N X  Mann-Whitney U Wilcoxn W Z p Significance 
Experimental 18 18.03 
Control 12 11.71 
62.50 140.50 -1.942 0.049 p <0,05 
 
 
 The post-tests of the groups in achievement show significant differences. Visualizing concepts by using 
imaginative, concrete and practical hands on activities within learning together groups found to be more successful 
than traditional design (Table 3). 
Table 3.  The post-tests solutions of achievement test 
 
Groups N X  Mann-Whitney U Wilcoxn W Z p Significance 
Experimental 18 19.56 
Control 12 6.68 
7.50 73.50 -4.074 0.00 p <0,001* 
 
 
 There was no significant difference between the mean scores of the control and experimental group’s pretests 
regarding attitudes (Table 4).  
Table 4. The pre-tests solutions of attitude scale 
 
Groups N X  Mann-Whitney U Wilcoxn W Z p Significance 
Experimental 18 17.14 
Control 12 13.04 
78.50 156.50 -1.26 0.21 p <0,05 
 
 
 The  posttests of the groups regarding attitudes to biotechnologies show no significant differences (Table 5). 
 
Table 5. The post-tests solutions of attitude scale 
 
Groups N X  Mann-Whitney U Wilcoxn W Z p Significance 
Experimental 18 17.32 
Control 12 12.68 
62.50 215.50 -1.46 0.14 p <0,05 
 
 
Mind maps of the groups collected by word assosiation tests; 
 
As shown by the figures below the mind map of the experimental group show more complex structure than 
control’s. Besides the number of the related concepts are more than the control group students could make more 
connections between the concepts (Figure 2). In control group the number and the relations between the concepts 
remained limited (Figure1). 
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Figure 1*. Mind map of the control group 
 
  
 
Figure 2*. Mind map of the experimental group 
 
*. The numbers on the lines shows the number of the students making the connections between those concepts. 
4. Discussion 
 Biotechnology represents an important field for the development of new educational tools. While the activities 
are very brief and simple its value of clearly visualizing and illustrating the basic techniques of genetic concepts and 
biotechnology cannot be disputed. As shown in findings such simple activity had a highly positive effect on student 
learning, improving academic achievement and permanence of knowledge. Student interest and curiosity had also 
positively influenced. Accompanied by the group work discussion and assignment students were able to pertinent 
events of DNA and biotechnology. Working as teams promotes active learning by encouraging involvement and 
supports and new learning approaches. The majority of the students participating in the activities in experimental 
group have delivered more useful information and communicated easily with other students. The continuous 
communication and interaction between students seemed to be a powerful learning tool. Such activities capture 
student attention because students are working and experiencing their knowledge of the subjects when manipulating 
concrete models of them. The findings also support the positive effects of cooperative learning on students’ 
academic achievement, attitudes and social development. Having students work in groups enhances group 
interaction, interpersonal cooperation and management skills. Explanations and giving help to others encourage 
reorganization and clarification that may help the person understand the learning material better, develop new 
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perspectives and construct more elaborate cognitive understanding. Cooperation enhances student satisfaction with 
the learning experience by actively involving students in designing and completing class procedures and course 
content. Effective teams or groups assume ownership of a process and its results when individuals are encouraged to 
work together toward a common goal, often defined by the group. This aspect is especially helpful for individuals 
who have a history or failure. Group work also develops positive student-teacher attitudes. Lines of communication 
are opened and actively encouraged. The student attitudes towards biotechnologies also positively influenced in 
experimental group. Students’ attitudes, motivation and interest are greatly enhanced when students are given the 
opportunity to visualize and manipulate the molecular concepts. Group work also develops positive attitudes 
towards the lessons and the course content.  
5. Conclusion and Recommendation 
 Biotechnology is the object of considerable public debates in world countries in the past decade. A number of 
factors have an important role in shaping the public image towards biotechnologies. One of the factors is that “do 
students completely and accurately understand the concepts behind biotechnologies?” An understanding of basic 
molecular biology especially in earlier ages is essential for the students being able to participate in meaningful 
debate and informed decision-making regard to issues related to biotechnologies. Such practical and inexpensive 
activities could support visualizing concrete concepts and visualizing the molecules. Potentially these models could 
be used in a number of different educational situations. An obvious application of the genomics project would be a 
high school biology, genetics, or agriculture classroom. The models could be used as a supplement to the existing 
curriculum, or it could be used extension education. Therefore student learning could be increased.  
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